, the expression of Cre leads to a (67% Ϯ 4%, n ϭ 101, Figures 2C and 2CЈ) were Cre immunoreactive. In contrast to the labeling seen in the recombination event allowing LacZ expression from the ubiquitously active ROSA locus ( Figure 3A) . Therefore, VZ, where radial glia somata reside, the precursors of the secondary proliferative layer (the subventricular zone the progeny of radial glial cells will express LacZ and appear blue in the histochemical X-Gal staining, while [SVZ]) did not contain Cre ( Figure 2D and see Supple-the progeny of other precursors will remain unstained ( Figures 3A-3C) . At first sight, we noted prominent region-specific differences in the X-gal-positive cells in sections of postnatal (data not shown) and young adult (P21, Figure 3B ) forebrain.
To examine whether partial failure of reporter activity in R26R mice could account for these region-specific differences, R26R mice were crossed with nestin-Cre mice (Graus-Porta et al., 2001). In these mice, homogeneous X-Gal labeling throughout the telencephalon was observed (data not shown), further supporting the specificity of the hGFAP-Cre localization in the radial glia subtype of precursors in contrast to the general recombination mediated in all precursors by Cre under control of the nestin enhancer. We also examined hGFAP-Cremediated recombination in two additional reporter lines, Z/AP and Z/EG (Lobe et al., 1999; Novak et al., 2000), which express a positive marker in cells that do not undergo Cre-mediated recombination (␤-galactosidase, Figure 5A ). In crosses of hGFAP-Cre and Z/AP or Z/EG reporter lines, the vast majority of neurons in the ventral telencephalon express ␤-galactosidase at early postnatal stages (Figures 5B and 5C) as well as in young adult animals (P21, Figures 5D and 5E ), while those in the cortex express the marker indicating Cre-mediated recombination ( Figure 5C ). These results therefore show that most of the cells in the basal ganglia are not derived from Cre-expressing precursors in contrast to those in the cortex, implying lineage differences rather than problems with reporter activity as the cause for these region-specific differences in hGFAP-Cre-mediated recombination. We therefore carefully analyzed the identity of cells derived from the hGFAP-Cre-expressing radial glia in these regions.
Most Cortical Projection Neurons Derive from Radial Glia
In the cerebral cortex of hGFAP-Cre;R26R mice, many X-Gal-labeled or ␤-galactosidase-immunopositive (␤-gal) cells were detected in the gray matter (GM) (Figures 3B-3J, see also Zhuo et al., 2001) , and colocalization with NeuN revealed that most of them are neurons (Figures 3C-3E ). Three-dimensional confocal analysis of double immunostaining of ␤-gal and NeuN confirmed the colocalization of these antigens within the same cell ( Figures 3DЈ and 3EЈ ). While most of the NeuN-immunoreactive neurons in cortical layers 2-5 were ␤-galactosidase-positive ( Figures 3C, 3D, that most pyramidal neurons that form the long-range projections of the cortex were ␤-galactosidase-positive We also noted area-specific differences in the amount of radial glia-derived neurons, with about 90% of neu-( Figures 3F-3GЈ ), while few interneurons identified by Comparable to the low number of striatal projection interneurons, they account for the majority of the interneurons generated from radial glia in the striatum neurons derived from radial glia in the LGE, only very few (2% Ϯ 1%, n ϭ 221) projection neurons of the Globus ( Figure 4G) .
In contrast to the diverse lineages of interneurons, Pallidus, the derivative of the MGE (Olsson et al., 1998), contained ␤-galactosidase. Taken together, the few projection neurons in the basal ganglia were largely not derived from radial glia. Very few DARPP32-positive proneurons that are generated by radial glia in the GE contain few projection neurons, in contrast to the cerebral jection neurons were ␤-galactosidase positive (12% Ϯ 2%, n ϭ 293), and they constitute only 10% of all cells cortex, where radial glial cells generate the majority of projection neurons. derived from radial glia in the striatum (Figure 4G ). Pro- 
The Fate Differences between Radial Glia of the differences were observed in transgene expression between MGE and LGE (Figure 6B), and a very similar Cortex and the GE Are Cell Autonomous
The profound lineage differences observed between composition of precursor cells as described above was detected when cells were analyzed shortly after isolation cortical and GE radial glia might be instructed by the local environment or rely on intrinsic lineage differences. progeny at the earliest stage analyzed (E13: 21% Ϯ 2% bation labels only a few percent of all cells in this region (4.5%, Figure 7A ) that are mostly neurons (86% Ϯ 1%) of all clones). Importantly, GE radial glia did not change but that also comprise a small number of RC2-positive their fate when plated on a cortex layer and still generprecursor cells (14% Ϯ 2%, n ϭ 179) as detected shortly ated mostly non-neuronal cells (nestin-and/or GFAPafter the sort. We assume that, in accordance to our positive precursors and astrocytes, Figures 6EЈ and 6H) . previous data, the radial cells isolated by their morpholIn contrast, radial glia from the cortex or the spinal cord ogy comprise not only GLAST-positive but also a small generated significantly more neuronal progeny ( Cre to mediate recombination is more difficult to rule out, and it is important to note that Cre immunoreactivity of BrdU on a rat feeder layer identical to the conditions of cells isolated by FACS. After 1 week in vitro, VZ cells appeared to be slightly weaker in the GE at early stages compared to the cortex. enriched by dissection also generated hardly any neuronal clones, while many more were generated by the Obviously, the best argument for the reliability of the Cre-based fate mapping is the similarity of the results SVZ fraction ( Figure 7C ). There was no difference in the size of the clones generated by VZ (3.1 Ϯ 0.2) or SVZ obtained with three independent techniques. The region-specific difference in the neurogenic potential of (3.6 Ϯ 0.8) precursors, nor in the proportion of neurons contained in mixed clones (VZ, 24% neurons; SVZ, 22%).
radial glia isolated by FACS in vitro is an important control, since we can selectively analyze precursors that Thus, three independent means of labeling VZ cells in the GE show consistently that these precursors generdivided in vitro by adding BrdU to the culture medium. Therefore, any low expression of the transgene in neuate very few neurons and suggest that the majority of neurons in the GE arise from the SVZ precursor pool.
rons plays no role in these experiments, as they are excluded from the analysis. Moreover, the region-specific difference in the lineage of neurons in the basal Discussion ganglia and cerebral cortex was further confirmed by two approaches independent of the hGFAP transgene 
